Previous analytical descriptions of the Class D-E resonant dc/dc converter using thinned-out method have been based on the assumptions simplifying the eect of thinned-out control on the equivalent impedance. Therefore the dierence between the calculated values and the measured values is signicant in large thinned-out ratio. This paper presents a new analysis for this circuit. The equivalent impedance's variation by thinned-out control is taken into consideration. The measured performance shows good agreement with the analytical performance in wide range.
Introduction
Class D inverter [1] is one of valuable high-density power sources because of the high dc/ac power conversion eciency which is achieved by their low switching losses at several hundred kHz, furthermore Class D inverter has also low switch device voltage stresses, equal to the dc input voltage.
Class E rectiers have been introduced in [2] . These circuits also oer high-frequency higheciency low-noise rectication because of the Class E switching conditions, i.e. the switch voltage and its slope are zero at turn on or o transition.
Class D-E converter [3] is composed of a Class D inverter and a Class E rectier. In the early works, it was regulated against load and line variations by varying the switching frequency. However, this generates a wide and unpredictable noise spectrum and poor utilization of magnetic components. As a remedy of these problems, thinned-out control was applied to the converter [4] . Its output power is regulated in the rectier side by eliminating the diode voltage pulse using only one active device added in parallel with the diode. Therefore the resonant converter using this circuit can be driven at a xed operating frequency with high power conversion efciency because of keeping Class E switching conditions. However, its analytical description is based on a simplied assumptions. In this paper we presents a new analysis of Class D-E resonant dc/dc converter using thinned-out method. The analysis is carried out using a parameter r of the remained-pulse ratio. The rectier is treated as a C i -R i series circuit in the Class D inverter. The measured performance shows good agreement with the theoretical predictions in wide control range.
Circuit description
A basic circuit of the Class D-E resonant dc/dc converter with thinned-out method is shown in Fig. 1 . The converter of Fig. 1(a) is composed of a Class D inverter and a Class E rectier using thinnedout method. The inverter is loaded by the input impedance Z i of a Class E rectier as shown in Fig.  1(b) . Each switch is comprised of a transistor and an anti-parallel diode. Switches S 1 and S 2 become on and o alternately with a duty cycle of 0:5 applying a nearly square-wave voltage to the seriesresonant circuit. The series resonant circuit forces a sinusoidal current, so only the power at the fundamental frequency is transferred from the inverter to the rectier.
A basic circuit of the Class E rectier using While the diode is on, the current i D ows through the diode. Therefore the voltage across the diode is kept to be zero. While the diode is o, the current i C2 ows into the capacitor C 2 , producing the voltage v D across the parallel combination. During the thinned-out period, the current that is supposed to charge the shunt capacitor C 2 ows through the thinning-out switch S 3 . So the voltage across the diode is kept to be zero. The output power is regulated by the thinning-out control.
Circuit analysis
In previous papers, the performance of the converter was described under the simple assumptions, that is, C i = C iopt =r, R i = rR iopt and jMj / 1= p r [4] . In this paper an analysis of the converter is carried out under the following assumptions. 1. The active devices perform as ideal bidirectional switches. 2. The rectier diode is ideal, i.e. the device acts as one directional switch with zero threshold voltage. 3. The rectier is driven by an ideal sinusoidal current source. 4. The ac ripple on the dc current I O through the output lter is negligible. 5. All the circuit elements are ideal. 
The voltage transfer function of the series-resonant circuit is dened as the ratio of the rms value V Ri of the sinusoidal voltage v Ri across R i to V orms . That is expressed as
As shown in Fig. 1(b) , the capacitive component is composed of a xed value of capacitance C 1 and an equivalent capacitance of the rectier. The relationship between these elements is 1=j!C = 1 =j!C 1 + 1=j!C i . In the designed condition, resonant circuit L-C composes a BPF at the operating frequency, 2f = 
The current through the series-resonant circuit is given by i = I m sin(!t0 ); where I m = 2 V I =jZ i j:
3. 2 Class E rectier using thinned-out method Analysis of Class E rectier using thinned-out method was carried out in [5] . In this paper we show some characteristics by applying the calculation technique introduced in [5] . The input current i is sinusoidal i = I m sin(!t+ ); where I m is the amplitude and is the phase angle. The current dierence of i and output dc current I O ows into the shunt capacitor C 2 which is plotted in Fig. 3 (d) 15) where tot is the total converter eciency. 4 Deign procedure
To design a Class D-E resonant dc/dc converter using thinned-out method, we have to deign a conventional one. We give the following conditions, f=200 kHz, V I =12.0 V, V O =5.0 V, Q L =5 and R L =20 . We assume the overall converter eciency tot =80 %. The power relationships are, P O = V 
Experimental results
Based on the above calculations, an experimental circuit was built and tested. The MOSFETs used as the switch devices were 2SK982 and the Schottky barrier diode was 11DQ04. Figure 5 shows the observed waveforms in case of the 7/8 remained pulse ratio. At this time the measured eciency of dc to dc power conversion was 72 %. The causes of power losses might be occured in parasitic resistances of the circuit elements and during the MOS-FET's non-zero transition time. eciency was approximately constant, which was more than 70 %. Figure 6(b) shows the calculated output voltages based on this analysis and the previous work as functions of remained pulse ratio r. The measured voltage revised by the eciency is also plotted in it. The experimental result is good agreement with the theoretical value based on the new analysis. That is especially dierent from the previous works for small r.
Conclusions
A new analysis and experimental results of Class D-E resonant dc/dc converter using thinned-out method has been described. An equivalent circuit of the converter and its principle of operation have been explained. Design equations as a dc/dc converter have been given. The analytical results show good agreement with the experimental results. The converter's important parameters and characteristics are approximately explained by the analysis. Relations between the parameters have been illustrated. The calculated values based on the analysis are more correct than those based on the previous one.
